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Abstract 
The purpose of this study was to compare the basic aerodynamic characteristics of a previously developed 8-panel 
soccer ball with those of a new 32-panel soccer ball by conducting wind tunnel tests. Experimental results show that 
the critical Reynolds number (Re) was approximately 3.3 × 105 for the 8-panel ball and approximately 2.4 × 105 for 
the new ball, i.e., the Re of the new ball was slightly lower than that of the 8-panel ball. We conclude that the 
aerodynamic drag coefficient of the new 32-panel ball is closer to that of a golf ball than an 8-panel ball. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The Fédération Internationale de Football Association (FIFA) draws up the specifications for soccer 
balls, and new soccer balls that meet these specifications are routinely manufactured and used in 
competitive and recreational sports around the world. In general, the number of surface panels on a soccer 
ball is 32. However, recently, some new soccer balls have been designed with 14 or 8 panels, and these 
balls have been used in prestigious, international soccer competitions such as the FIFA World Cup and 
Olympic Games. Many researchers have studied the aerodynamics of conventional balls with 32 panels 
[1, 2, 3]. However, there have been few studies on soccer balls with 14 or 8 panels [5, 6, 7]. Passmore et 
al [4] showed that there were significant differences in the lateral aerodynamic forces for a range of 
FIFA-approved match balls, and that these aerodynamic differences had a significant effect on the flight 
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path for both spinning and slowly rotating balls. Moreover, the aerodynamic characteristics of the latest 
new soccer balls (Adidas Tango 12) designed with 32 panels for Euro 2012 and the London Olympic 
Games are still unclear. 
The purpose of this study was to shed some light on this issue by comparing the basic aerodynamic 
characteristics of a previously developed 8-panel soccer ball (Adidas Jabulani) and a newly designed 32-
panel soccer ball (Adidas Tango 12) by conducting wind tunnel tests. 
2. Methods 
We measured the aerodynamic forces acting on different types of balls in a low-speed wind tunnel 
having a 0.7 m × 0.7 m rectangular cross-section (turbulence level  1%). Two full-size official FIFA 
soccer balls were tested: an 8-panel ball, Adidas Jabulani (small ridges or protrusions with 8 panels; 
Figure 1(a)) and a newly designed ball, Adidas Tango 12 (soft grip texture with 32 panels; Figure 1(b)). 
The soccer balls were held in place using a stainless steel rod [1] as shown in Figure 2. Data were 
acquired over a period of 8.192 s using a three-component strut-type balance (LMC-3531-50NS; Nissho 
Electric Works Co., Ltd.) and were recorded on a personal computer using an A/D converter board 
(sampling rate: 1000 /s). Each ball was set to be geometrically symmetrical in the horizontal direction, 
i.e., the ball panels were asymmetrical in the vertical direction. 
Aerodynamic forces were measured at wind speed U ranging from 7 to 30 m/s. The force acting in the 
direction opposite to that of the wind, drag D, and the force acting sideways with respect to frontal views, 
L, were calculated from the experimental data collected under different conditions. The aerodynamic 
forces measured in the experiment were then used to calculate the drag coefficient Cd and the lift (side) 
coefficient Cl using the following equations: 
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Here, ȡ is the density of air (1.2 kg/m3); U, the flow velocity (m/s); and A, the projected area (m2) of 
the soccer ball (as specified by FIFA). 
  
(a)                                                                           (b) 
Fig. 1. Surfaces of (a) 8-panel ball, Adidas Jabulani (ridged with 8 panels), and (b) newly designed ball, Adidas Tango 12 (soft grip 
texture with 32 panels) 
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Fig. 2. Setup for wind tunnel test 
The lift forces at flow speeds of 20, 25, and 30 m/s were acquired over a period of 65.536 s using the 
same wind tunnel setup (Figure 2). We applied an unsteady lift force to all the balls, and we measured the 
power spectrum of the forces to analyse their fluctuation characteristics by applying the fast Fourier 
transform and the Hanning window. The average deviation (root mean square) in the lift forces was 
calculated. The eigenfrequency of the lift forces under the ball string was measured from the impact of a 
wooden hammer. The total extended distances of the panel bonds were measured using a curvimeter 
(Concurve 10; Koizumi Sokki Mfg. Co., Ltd.). 
3. Results and Discussion 
3.1. Drag coefficient 
From the experiments, the critical Reynolds number (Re) for the 8-panel soccer ball (Adidas Jabulani) 
was found to be approximately 3.3 × 105 whereas, interestingly, that for the new ball (Adidas Tango 12) 
was found to be rather low at approximately 2.4 × 105 (Figure 3). Moreover, at high Re values, Cd of the 
new ball was higher than that of the 8-panel ball. In the supercritical regime, Cd of the new ball (~0.15) 
was larger than that of the 8-panel ball (~0.11). In contrast, in the critical regime, Cd of the new ball was 
lower than that of the 8-panel ball. 
In the high-speed range (U > ~20 m/s, supercritical regime), the aerodynamic drag force acting on the 
new ball was higher than that on the 8-panel ball. However, in the medium-speed range (U ranging from 
~10 to ~20 m/s), the aerodynamic drag force acting on the new ball was lower than that on the 8-panel 
ball, because the Re of the new ball was lower than that of the 8-panel ball. These results suggest that the 
aerodynamic drag coefficient of the newly designed soccer ball is closer to that of a golf ball than an 8-
panel soccer ball. 
The total extended distance of the panel bonds on Adidas Jabulani (small ridges or protrusions with 8 
panels) was ~1980 mm and that on Adidas Tango 12 was ~4470 mm. Achenbach [8] reported that an 
increase in the roughness of spherical surface decreases the critical Reynolds number. In terms of 
roughness, the panel surface of a Tango ball is relatively smooth whereas the Jabulani ball has small 
ridges. However, here, the panel surface design of the ball appeared to have a small impact, given that the 
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critical Reynolds number of the Tango ball is smaller than that of the Jabulani ball. Therefore, the critical 
Reynolds number of a soccer ball, as considered in this experiment, depends on the total extended 
distance of its panel bonds rather than its panel surface design. Because the Tango ball had a smaller 
critical Reynolds number than the Jabulani ball, it was inferred that the Tango ball showed smaller 
aerodynamic resistance than the Jabulani ball in the medium-speed region (11 < U < 19 m/s), a near-
critical region for the Tango ball. In the high-speed supercritical region (20 < U < 29 m/s), the Tango 
showed higher aerodynamic resistance than the Jabulani ball. From these results, it is considered that the 
high-speed regime of the Tango ball is slightly lower than that of the Jabulani ball. On the other hand, it 
is considered that the medium-speed regime of the Tango ball is slightly higher than that of the Jabulani 
ball. 
 
 
Fig. 3. Drag coefficient (Cd) versus Reynolds number (Re) of 8-panel ball (Jabulani; 8 panels) and new ball (Tango 12; 32 panels) 
3.2. Lift force fluctuation 
The unsteady lift force (L) for the 8-panel and the new ball was measured in the wind tunnel (Figure 
2). However, investigation of the time sequence of changes revealed oscillations in the force waveform 
(Figure 4). Both balls were set to be geometrically symmetrical in the horizontal direction, i.e., the ball 
panels were asymmetrical in the vertical direction. For both the balls, the magnitude of oscillations 
increased when the wind speed was increased in the order of 20 < 25 < 30 m/s; further, the differences in 
the magnitudes for the two balls were not very large. In the power spectrum of lift force calculated by 
FFT, both the balls showed a trend of large amplitudes in the low-frequency range (below ~6 Hz) (Figure 
5). We found that there were some peaks include a peak at approximately 1.5 Hz for both balls. The 
average deviation in L was increased in the order of 20 < 25 <30 m/s (Figure 6). The average deviation in 
L and wind speeds for the two balls were similar, except at high speeds where the average deviation was 
slightly larger for the new ball. Rogers et al [6] showed that an average deviation is used to describe the 
lateral deviation during flight. Therefore, in the present case, at 30 m/s, the fluctuations in the lift force of 
the Tango ball may have been larger than those of the Jabulani ball. However, the fluctuations in the lift 
(side) force due to “knuckling” in real flight [7] were found to be larger than those measured in this wind 
tunnel test. The mechanism of “knuckling” will be clarified in future work.
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                                            (a)                                    (b)                                      (c) 
Fig. 4. Unsteady lift force (L) of 8-panel ball and new ball at flow speeds of (a) 20 m/s, (b) 25 m/s, and (c) 30 m/s 
   
                                  (a)                                                (b) 
  
Fig. 5. Power spectrum of lift force (L) calculated for 8-panel ball and new ball by fast Fourier transform (FFT) at flow speeds of 20 
m/s (a) and 25 m/s (b) 
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Fig. 6. Average deviation in lift force (L) at flow speeds of 20, 25, and 30 m/s 
4. Conclusion 
In this study, we compared the basic aerodynamic characteristics of a previously developed 8-panel 
soccer ball and a newly designed soccer ball by conducting wind tunnel tests. In order to examine the 
aerodynamic instability near the critical Reynolds regime (Re = ~3.0 × 105), we calculated the power 
spectra of unsteady lift forces using fast Fourier transform (FFT). The critical Reynolds number for the 8 
panel-soccer ball was approximately 3.3 × 105, whereas that for the new ball was rather low at 
approximately 2.4 × 105. The aerodynamic drag coefficient of the newly designed soccer ball was found 
to be closer to that of a golf ball than the 8-panel ball. The average deviation in the lift force and wind 
speeds for the 8-panel and new balls were similar, except at high speeds where the average deviation was 
slightly larger for the new ball. It is considered that the high-speed regime of the Tango ball is slightly 
lower than that of the Jabulani ball. 
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